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Emergent Schwarzschild and Reissner-Nordstrom Black Holes in 4D:
An effective curvature sourced by a B2-field on a D4-brane
Abhishek K. Singh, K. Priyabrat Pandey, Sunita Singh and Supriya Kar
Department of Physics & Astrophysics, University of Delhi, New Delhi 110 007, India
We obtain a Schwarzschild and a Reissner-Nordstrom emergent black holes, by exploring the torsion
dynamics in a generalized curvature formulation, underlying an effectiveD4-brane on S
1. It is shown
that a constant effective metric, sourced by a background fluctuation in B2-potential, on a D3-brane
receives a dynamical quantum correction in presence of an electric charge.
PACS numbers: 11.25.Uv, 11.15.-q, 04.60.Cf
INTRODUCTION
The holographic idea underlying AdS/CFT duality [1, 2]
is believed to be a powerful tool to revisit the gauge theo-
ries on a D-brane and its near horizon black hole geome-
tries. In the past, there have been attempts to construct
various near horizon D-brane effective geometries [3]-[19]
by exploiting a non-linear electromagnetic field [20]. For
a recent review on brane-world gravity, see ref.[21].
In the context, it may be thought provoking to explore
the idea of gravity as an “emergent” phenomenon [22]
especially underlying a brane-world. Interestingly, a U(1)
gauge theory underlying a two form dynamics on a D4-
brane leading to a generalized curvature in a second order
formalism has been addressed by the authors [23]-[25].
The generalized curvature has been shown to describe
a propagating geometric torsion and various emerging
brane geometries underlying de Sitter and AdS vacua
have been obtained. Very recently, an exact Reissner-
Nordstrom black hole on a brane in a different context
has been anlyzed [26].
In the article, we explore the generalized curvature in an
effective D4-brane on S
1 to obtain a Schwarzschild and a
Reissner-Nordstrom emergent black holes in a U(1) gauge
theory. It is shown that the emergent geometries on an
effective D3-brane in certain windows identify themselves
with the black hole geometries otherwise obtained in Ein-
stein’s gravity. The primary motivation behind the work
lies in the emergent notion of gravity on an effective D3-
brane, essentially, sourced by a two form in a U(1) gauge
theory defined on a D4-brane. In particular, it is ar-
gued that a generic torsion, intrinsic to the frame-work
on an effective D4-brane, vanishes in a gauge choice to
yield some of the established black hole geometries in 4D
underlying Einstein’s gravity. Interestingly, the emer-
gent brane geometries obtained in the article have been
shown to incorporate quantum corrections, due to the
U(1) charges, into the background (metric) fluctuations
in the formalism. It is shown that the quantum correc-
tions may seen to be associated with a flat space-time
metric. Our analysis attempts to connect two a priori
different black hole geometries underlying two different
formulations i.e. gauge theoretic and Einstein’s gravity,
respectively, underlying a two form and a metric tensor.
It may provoke thought to believe gravity as an “emer-
gent phenomenon”.
CURVATURE ON AN EFFECTIVE D4-BRANE
We begin with a U(1) gauge theory on a D4-brane. In
presence of a constant background metric gµν , the Aµ-
field dynamics is given by
S = − 1
4C21
∫
d5x
√−g FαβFαβ , (1)
where C21 = (4pi
2gs)α
′1/2. Alternately, the Poincare
dual to the electromagnetic field is described by a B2-
field which in turn describes a torsion. For instance, see
ref.[27]. The two form gauge dynamics is given by
S = − 1
12C22
∫
d5x
√−g HµνλHµνλ , (2)
where C22 = (8pi
3gs)α
′3/2 and Hµνλ = 3∇[µBνλ]. In
the context, an appropriate covariant derivative Dµ on
a brane may be constructed using the two form connec-
tions. It modifies H3 to H3 and incorporates an effective
curvature into the brane gauge dynamics [25]. The co-
variant derivative in a gauge theory becomes
DλBµν = ∇λBµν − ΓλµρBρν + ΓλνρBρµ , (3)
where−2Γµνρ = Hµνρ. An iterative incorporation ofB2-
corrections, to all orders, in the covariant derivative leads
to an exact derivative in a perturbative gauge theory. It
may seen to define a non-perturbative covariant deriva-
tive in a second order formalism underlying a geometric
realization. It is given by
DλBµν = ∇λBµν + 1
2
HλµρBρν − 1
2
HλνρBρµ ,
where Hµνλ = Hµνλ + 3H[µναBβλ] gαβ . (4)
Interestingly, a B2-field dynamics in a first order formal-
ism may be viewed as a torsion dynamics on an effective
2D4-brane in a second order formalism [25] leading to a
fourth order generalized tensor:
4Kµνλρ = 2∂µHνλρ−2∂νHµλρ+HµλσHνσρ−HνλσHµσρ.
(5)
The generalized tensor is antisymmetric under an ex-
change of indices within a pair and is not symmetric
under an exchange of its first pair of indices with the sec-
ond. Hence, it differs from the Riemannian tensor Rµνλρ.
However for a non-propagating torsion, Kµνλρ → Rµνλρ.
In a second order formalism the H3 dynamics on an ef-
fective D4-brane may be approximated by
SeffD4 =
1
3C22
∫
d5x
√
−G˜ K(5) , (6)
where G˜ = det G˜µν . Generically the emergent metric
takes a form
G˜µν =
(
g˜µν + C H¯µλρHλρν
)
,
where g˜µν =
(
gµν −BµλBλν
)
and Bµν signify the back-
ground fluctuations. The cosmological constant Λ˜, in
the geometric action, is sourced by a background B2-
fluctuations in the frame-work. It is important to note
that the generalized action (6) describes the propagation
of a geometric torsion H3. In an emergent scenario, a
generalized metric tensor is constructed from the gauge
fields in the formalism. With κ2 = (2pi)5/2gsα
′, a gener-
alized curvature dynamics on S1 reduces to yield
SeffD3 =
1
3κ2
∫
d4x
√
−G
(
K(4) − 3
4
F¯µνFµν
)
. (7)
where F¯µν = (2piα′)
(
Fµν +HλµνAλ
)
.
The curvature scalar K(4) is essentially sourced by a dy-
namical two form potential in a first order formalism.
Its field strength is appropriately modified H3 → H3 to
describe a propagating torsion in four dimensions under-
lying a second order formalism. The fact that a torsion
is dual to an axion (scalar) on an effective D3-brane, en-
sures one degree of freedom. In addition, Fµν describes
a geometric one form field with two local degrees on an
effective D3-brane. A precise match among the (three)
local degrees of torsion in K(5) on S1 with that in K(4)
and Fµν reassure the absence of a dynamical dilaton
field in the frame-work. The result is consistent with
the fact that a two form on S1 does not generate a dila-
ton field. Alternately an emergent metric tensor G˜µν ,
essentially sourced by a dynamical two form, does not
formally evolve under a compactification of an underly-
ing U(1) gauge theory (6) on S1. In addition the back-
ground metric gµν , being non-dynamical on a D4-brane,
can not generate a dynamical scalar field or dilaton when
compactified on S1 in the frame-work.
On the other hand, the energy-momentum tensor Tµν is
computed in a gauge choice:
3
4
F¯µνFµν = 3
piα′
+K(4) .
Explicitly
(2piα′)Tµν =
(
g˜µν + C˜ F¯µλF¯λν + C H¯µλρHλρν
)
. (8)
The gauge choice ensures that the Tµν sources a non-
trivial emergent geometry underlying a non-linear U(1)
gauge theory. Interestingly, the Tµν sources an effec-
tive metric Gµν in the frame-work. Tµν , with (C =
3
4 ,
C˜ = 32 ) and (C = − 54 , C˜ = − 12 ), respectively corre-
spond to a (+)ve sign and a (−)ve sign in Gµν . A priori,
they describe two inequivalent black holes on an effec-
tive D3-brane. Two solutions for an emergent metric
tensor is a choice keeping the generality in mind. Pri-
marily, they dictate the quantum geometric corrections
to a background metric. Generically, the effective metric
on a Dp-brane for p 6= 4 may be given by
Gµν =
(
gµν −BµλBλν ± F¯µλF¯λν ± H¯µλρHλρν
)
. (9)
In a gauge choice, the ansatz for the gauge fields on a
D3-brane, may be expressed as:
Btθ = Brθ =
b√
2piα′
, Bθφ =
p√
2piα′
sin2 θ,
At → At = Qe
r
, Aφ → Aφ = − Qm√
2piα′
cos θ, (10)
where (b, p)>0 are constants. The gauge choice re-assures
a vanishing torsion H3 = 0 = H3, in presence of the B2-
fluctuations. Importantly, it leads to a four dimensional
Einstein’s gravity in the frame-work. It re-assures the
generalized nature of an irreducible curvature scalarK(4).
In the gauge choice (10), the emergent metric constructed
on an effective D3-brane reduces to yield
Gµν →
(
gµν −BµλBλν ± F¯µλF¯λν
)
. (11)
It is important to note that the local degrees in mass-
less Aµ precisely source a dynamical Gµν as required
in four dimensional Einstein’s gravity. In addition, the
gauge field incorporates quantum corrections to the back-
ground metric g˜µν . In the article, the effective dynami-
cal Gµν shall be shown to describe semi-classical geome-
tries leading to a modified Schwarzschild and a Reissner-
Nordstrom black hole.
QUANTUM CORRECTIONS TO
SCHWARZSCHILD AND ASYMPTOTIC ADS
In this section, we obtain the emergent brane geome-
tries explicitly in term of their geometric quantum correc-
tions. Interestingly, the corrections may seen to be asso-
ciated with a flat metric, underlying a Minkowski space-
time, in presence of the U(1) charges. The line elements
3on an effective D3-brane, in presence of a background
B2-fluctuations and an electromagnetic field, are worked
out with a S2-line element dΩ2 =
(
dθ2 + sin2 θ dφ2
)
. It
is is given by
ds2 = −
(
1− b
2
r2
± (2piα
′Qe)
2
r4
)
dt2
+
(
1 +
b2
r2
± (2piα
′Qe)
2
r4
)
dr2 +
2b2
r2
dtdr
+
(
1 +
2piα′p2 sin2 θ
r4
∓ (2piα
′Qm)
2
r4
)
r2dΩ2
− 2(2piα
′)1/2bp sin2 θ
r2
(dt+ dr) dφ , (12)
In the limit r>>b, the emergent brane geometries may
be simplified further. Redefining the parameters: b =
(2piα′)M → M , (2piα′)Qe → Qe, (2piα′)Qm → Qm and
(2piα′)1/2p→ p, the brane geometries in the regime pre-
sumably identify themselves with some of the 4D black
holes well established in Einstein’s gravity. In addition,
the emergent black hole may seen to receive quantum
corrections due to a non-linear U(1) charge in the frame-
work. A non-zero b is vital to the frame-work, which is
essentially due to a B2-field on a D-brane (10). For a
constant B2, it may seen to describe a minimal length
scale underlying a non-commutative parameter Θ on a
D-brane [20]. Thus the lower cut-off on r is strictly de-
fined on a brane, underlying a non-linear U(1) gauge
theory. It may not have any relevance to the vacuum
solutions obtained otherwise in Einstein’s gravity. The
regime r>>b on an emergent D3-brane geometries may
be approximated to yield
ds2 = −
(
1− M
2
r2
)
dt2 +
(
1− M
2
r2
)−1
dr2
+
2M2
r2
dtdr + r2dΩ2 − 2Mp sin
2 θ
r2
(dt+ dr)dφ
± Q
2
e
r4
(
−dt2 + dr2 ± p
2 sin2 θ ∓Q2m
Q2e
r2dΩ2
)
.(13)
A significant section, of the emergent geometries, is char-
acterized by a single parameterM . Interestingly this sec-
tion of emergent brane geometry may be identified with
a classical Schwarzschild black hole presumably with a
topological charge on an effective D3-brane. The param-
eter p in association withM , i.e. (Mp), denotes an angu-
lar velocity intrinsic to a torsion in the formalism. The
B2-potential hints at an extra compact dimension which
signifies a D4-brane on S
1. In absence of the electric Qe
and magnetic Qm charges, the emergent geometry on a
brane is worked out for its invariant curvatures in Ein-
stein’s gravity. For functions (f1, f2, f3), the curvatures
are given by
R =
M2
r2
f1(r, θ,M, p) ,
RµνR
µν =
M2
2r4
f2(r, θ,M, p)
and RµνλρR
µνλρ =
M2
2r4
f3(r, θ,M, p) .
They re-confirm a generic curvature singularity at r→ 0,
which is identical to that in a typical Schwarzschild black
hole in Einstein’s gravity. Most importantly the cur-
vature singularity at r → 0 in Weyl-conformal tensor
CµνλρC
µνλρ in the emergent gravity scenario as well as
in Einstein’s gravity is remarkable. However the cur-
vature singularity is not accessible to an observer on a
brane-world due to the lower cut-off value M , on r, en-
forced by a B2-field in the formalism. It implies that an
emergent Schwarzschild black hole on a brane is always
covered by a horizon at rS=M . The U(1) charges in
eq(13) incorporate dynamical (geometric) corrections to
the brane geometry.
Under r ↔ −r, the emergent geometries correspond to
an effective anti D3-brane. In a global scenario, i.e. both
brane and its anti-brane together, two conserved charges
associated with the emergent metric components Gtr and
Grφ in eq.(13) may seen to disappear. For functions
(g1, g2, g3), the invariant curvatures in the classical ge-
ometry (13) are computed in Einstein’s gravity. They
may be given by
R =
(Mp)2
r4 sin4 θ
g1(r, θ,M, p) ,
RµνR
µν =
M2
32r8 sin8 θ
g2(r, θ,M, p)
and RµνλρR
µνλρ =
M2
r8
g3(r, θ,M, p) .
In addition to a curvature singularity at r → 0, a nu-
merical analysis re-assures that the curvature blows up
at the horizon r →M for a large M and an arbitrary p.
However, a consistent dynamical description in a global
scenario enforces a constraint between the parameters
(p,Qe, Qm) in the emergent geometries (13). For p>0
and (Q2e ± Q2m) = p2 sin2 θ, the line-elements (13) for a
(DD¯)3-pair is given by
ds2 = −
(
1− M
2
r2
)
dt2 +
(
1− M
2
r2
)−1
dr2 + r2dΩ2
− 2M
4 sin2 θ
r2
Ω±φ dtdφ ±
Q2e
r4
ds2(g±µν) . (14)
Interestingly, the line-element in the quantum correction
describes a Minkowski space-time and is given by
ds2(g±µν) =
(−dt2 + dr2 ± r2dΩ2) .
It is interesting to note that the modified Schwarzschild
geometries undergo rotations. Their angular velocities
4are computed at the horizon rs = M for M > |Qe| to
yield
Ω±φ =
√
Q2e ±Q2m
M3 sin θ
.
The dependence of Ω±φ on the non-linear U(1) charges
is remarkable. It re-confirms the quantum corrections,
leading to a new characteristic feature of rotation, into a
typical Schwarzschild black hole on an emergent brane.
The presence of angular momentum is intrinsic to the
frame-work underlying a dynamical torsion.
On the other hand, the near horizon geometry of the
Schwarzschild black hole (14), with (Ω−φ and−Q2e) choice,
may be expressed for a sensible quantum correction un-
der a flip of light cone at the horizon. In the case, the
quantum geometry undergoes a geometric tunneling to
lead to an asymptotic AdS with a correct quantum cor-
rection. It is given by
ds2 = −r
2
b2
dt2 +
b2
r2
dr2 + r2dΩ2 (15)
−2b
4 sin2 θ
r2
Ω−φ dtdφ +
Q2e
r4
ds2(g+µν) .
The analysis re-assures the fact that an electric
charge incorporates a quantum correction to deform a
Schwarzschild geometry in the frame-work. Interestingly
the quantum corrections to Schwarzschild black hole with
Ω+φ and +Q
2
e in (14) and an asymptotic AdS in (16) are
equal and are associated with a flat metric. The quantum
corrections dominate for |Qe|>r. However for Qe<r, the
global brane geometries shall be seen to describe semi-
classical black holes established in Einstein’s gravity. In
absence of a magnetic monopole Ω+φ → Ω−φ . A pri-
ori, two inequivalent classical vacua receive precisely the
same quantum correction in presence of an electric point
charge in the frame-work. Interestingly for p = 0, both
the Schwarzschild black holes (13) tunnel to an asymp-
totic AdS geometry with (−)ve and (+)ve quantum cor-
rections:
ds2q = ∓
1
r4
(
Q2e[−dt2 + dr2] + Q2m r2dΩ2
)
. (16)
EMERGENT REISSNER-NORDSTROM AND
SCHWARZSCHILD BLACK HOLES
In this section, we obtain a Reissner-Nordstrom and a
Schwarzschild emergent black holes on an effective D3-
brane underlying a U(1) gauge dynamics of two form
and an one form. We compute the black hole seiberg-
witten entropy at the horizon of both the brane geome-
tries. Interestingly, our analysis for emergent geometries
re-confirm SSch > SRN, which is in agreement with the
Einstein’s gravity.
In the limit r>>b>(2piα′)1/2|Qe| > 1, with a fixed α′, the
semi-classical geometries (12) on an effective D3-brane is
worked out. Within the regime, the emergent quantum
geometries become
ds2 = −
(
1− M
2
r2
± Q
2
e
r4
)
dt2 +
2M2
r2
dtdr
+
(
1− M
2
r2
∓ Q
2
e
r4
)−1
dr2 − 2Mp sin
2 θ
r2
(dt+ dr) dφ
+
(
1 +
p2 sin2 θ ∓Q2m
r4
)
r2dΩ2 . (17)
A priori, the emergent geometries may be viewed as an
orthogonal combination of a Reissner-Nordstrom and a
Schwarzschild black holes. The semi-classical Reissner-
Nordstrom geometry may be projected out using a gen-
eralized (2×2) matrix N prescription [25] containing the
longitudinal components of metric in lorentzian signa-
ture. The matrix is given by
2N = N˜ =
( −G+tt G+rr
G−rr −G−tt
)
and
where G±tt =
(
1− M
2
r2
± Q
2
e
r4
)
=
(
G±rr
)−1
. (18)
Then N˜
(
1
0
)
=
( −G+tt
G−rr
)
, N˜
(
0
1
)
=
(
G+rr
−G−tt
)
,
N˜−1
(
1
0
)
=
(
G−tt
G−rr
)
, N˜−1
(
0
1
)
=
(
G+rr
G+tt
)
.
The determinant of the generalized matrix, in absence
of electric charges, at the Schwarzschild horizon ensures
(detN = −1) a discrete transformation between the two
sets of emergent geometries. The projections, of the ma-
trixN , ensure the mixed emergent brane geometries (17),
while the projections of the inverse matrix N−1 on the
same yield new interesting euclidean geometries on an
effective D3-brane. They are
ds2 =
(
1− M
2
r2
± Q
2
e
r4
)
dt2 +
(
1− M
2
r2
± Q
2
e
r4
)−1
dr2
+
(
1 +
p2 sin2 θ ∓Q2m
r4
)
r2dΩ2 +
2M2
r2
dtdr
− 2Mp sin
2 θ
r2
(dt+ dr) dφ . (19)
The global brane geometries, for Qm = p sin θ, become
ds2 =
(
1− M
2
r2
± Q
2
e
r4
)
dt2 +
(
1− M
2
r2
± Q
2
e
r4
)−1
dr2
+ f∓ r2dΩ2 − 2Qm
r2
dt(sin θdφ) , (20)
where f− = 1, f+ =
(
1 +
2Q2m
r4
)
and Qm =MQm .
5The geometry, with (+Q2e, f
−), in (20) describes an
emergent Reissner-Nordstrom black hole in presence of
a non-linear magnetic charge Qm. Using the area law,
the black hole entropy is computed at the event horizon
r+ to yield
SRN ≈ piM2
(
1− Q
2
e
M4
)
.
The other geometry, with (−Q2e, f+), in (20) a priori
describes an emergent Schwarzschild geometry with a re-
defined black hole mass M˜ and a charge Qm. It is given
by
ds2 =
(
1− M˜
2
r2
)
dt2 +
(
1− M˜
2
r2
)−1
dr2
+
(
1 +
2Q2m
r4
)
r2dΩ2 − 2Qm
r2
dt(sin θdφ) . (21)
Explicitly the mass, defined at the horizon, is given by
M˜ =M
(
1 +
Q2e
M4
)1/2
.
The modified mass turns out to be a conserved quan-
tity due to its association with an electric charge Qe in
the frame-work. The correction in M˜ is intrinsic to the
emergent geometry on an effective D3. The charge Qe
incorporates dynamics into the emerging gravity on a
brane. Importantly, the emerging black hole entropy at
its horizon, r = rs, is computed to yield
SSch ≈ piM2
(
1 +
Q2e
M4
)
+
2piQ2m
M2
(
1− Q
2
e
M4
)
.
It re-assures that SSch > SRN for Qm = p sin θ. In ab-
sence of a magnetic monopole, the emergent geometry on
a brane precisely describes a typical Schwarzschild black
hole. In the case the emergent black hole entropy, at
its horizon, becomes SSch = piM˜
2 and may be identified
with the entropy of a Schwarzschild black hole in Ein-
stein’s gravity.
Interestingly, the invariant scalar curvatures in Ein-
stein’s gravity computed for the complete emergent
Schwazschild geometry (21) on a brane shows that the
Ricci scalar R = 0 in absence of a magnetic monopole.
In the case, the space-time curvature blows up in the limit
r → 0. For a generic black hole on a brane, i.e. Qm 6= 0,
the curvature singularities are a priori seen to be at r → 0
and at the horizon rh = M . However for |Qm|>>|M |,
both the singularities in all the three curvature scalars
(R, RµνR
µν and RµνλρR
µνλρ) may seen to be covered
by an event horizon rS =M .
On the other hand, for p = 0, the emergent global brane
geometry with +Q2e and −Q2m in (19) may be expressed
with a real time. For higher dimensional Reissner-
Nordstrom, see ref.[28]. In the case, the Reissner-
Nordstrom black hole is given by
ds2 = −
(
1− M
2
r2
+
Q2e
r4
)
dt2
+
(
1− M
2
r2
+
Q2e
r4
)−1
dr2 +
(
1− Q
2
m
r4
)
r2dΩ2 . (22)
The invariant curvature scalars in Einstein’s gravity, for
an emergent black hole on a brane, are computed. The
space-time curvature blows up independently in both
the limits r → 0 and r → √Qm. For a large M ,
i.e. M2>>|Qm| and M2>>|Qe|, both the curvature sin-
gularities may seen to be covered by an inner horizon
r− in eq.(22). The precise geometric correspondence be-
tween an emergent black hole, underlying a two form
U(1) gauge theory on a D3-brane, and the Reissner-
Nordstrom black hole in Einstein’s gravity is remarkable.
It further re-assures the fact of vanishing torsion in the
gauge choice for a two form in the frame-work. Con-
trary to Einstein’s gravity, the black hole mass M2 in
the emergent Reissner-Nordstrom geometry is primarily
sourced by a Bµν potential on a D3-brane. It may pro-
voke thought to explore a Bµν potential, at the expense
of a metric potential, in an effective theory of gravity.
The black hole entropy in the case becomes
SRN ≈ piM2 − piQ
2
e
M2
(
1 +
4Q2m
M4
)
.
The remaining emergent geometry in (19) for (−Q2e, f+)
describes a Schwarzschild black hole
ds2 = −
(
1− M˜
2
r2
)
dt2 +
(
1− M˜
2
r2
)−1
dr2
+
(
1 +
Q2m
r4
)
r2dΩ2 . (23)
On the other hand, a magnetic monopole in an emer-
gent Reissner-Nordstrom reduces its S2-radius and hence
shrinks its geometry, while it enhances the S2-radius in
a Schwarzschild geometry on an effective D4-brane on
S1. A priori, a magnetic monopole does not significantly
modify the black hole except for a conformal factor in its
spherical geometry. However, analysis reveals that the
dynamical aspects of Einstein’s gravity may be viewed
via a magnetic monopole in the emergent Schwazschild
black hole (23) on a brane. The space-time curvatures
are computed for an emergent Schwarzschild geometry
(23) and they are:
R = 0 , RµνR
µν =
1
r8 (Q2m + r
4)4
= RµνλρR
µνλρ .
6Hence, a brane-world Schwarzschild black hole possesses
a curvature singularity at r → 0 and a coordinate singu-
larity at rS = M˜ .
The entropy for an emergent Schwarzschild black hole is
computed to yield:
SSch ≈ piM2
(
1 +
Q2e
M4
)
+
piQ2m
M2
(
1− Q
2
e
M4
)
.
The computed entropy further confirms SSch > SRN for
p = 0. The result is in agreement with the black holes in
Einstein’s gravity.
In other words, the electro-magnetic charges incorporate
local degrees into the emergent global brane geometries
leading to a typical Reissner-Nordstrom black hole (22)
and a typical Schwarzschild black hole (23) in the frame-
work. The local degrees of the geometric Aµ field in the
U(1) gauge theory on aD3-brane may precisely be identi-
fied with the dynamical metric tensor field in Einstein’s
gravity. Importantly, the emergent metric potential in
Reissner-Nordstrom black hole and Schwarzschild black
hole further re-assures the presence of an extra fifth com-
pact dimension in the frame-work.
The emergent Schwarzschild and Reissner-Nordstrom ge-
ometries may seen to be influenced by a generic torsion
underlying a D4-brane [25]. The two form ansatz leading
to a generic torsion in five dimensions may be reviewed
to enhance our understanding on the four dimensional
vacua in Einstein’s gravity. The gauge field ansatz on a
D4-brane were
B˜tθ = B˜rθ =
b√
2piα′
,
B˜θφ =
p√
2piα′
sin2 θ cosψ
and B˜ψθ =
p˜√
2piα′
sin2 θ cotψ . (24)
The nontrivial geometric torsion, sourced by the two
form, was worked out to yield
Hψφθ = p
r2
sin2 θ sinψ
and Hψφt = −Hψφr = 1√
2piα′
bp
r2
sin2 θ sinψ . (25)
For ψ = npi (integer n), the ansatz for a two form on a
D4-brane precisely reduces to that on a D3-brane (10).
Though the local degree of two form freezes on a D3-
brane, the emerging gauge field retains the dynamical
aspects of a D3-brane.
CONCLUDING REMARKS
In the article, we have revisited a generalized curvature
formulation underlying a torsion dynamics in an effective
D4-brane on S
1. Interestingly, the gauge choice for a lo-
cal torsion on a D4-brane is shown to describe torison
free geometry when considered on S1. As a result, the
two form behaves like a background potential and has
been argued to source the mass of a Schwarzschild black
hole in a limit. We have obtained, a Reissner-Nordstrom
and a Schwarzschild, emergent black holes in a gauge
choice for a generalized five dimensional curvature on
S1. The electric charge has been shown to incorpo-
rate quantum geometric corrections to the Schwarzschild
and asymptotic AdS emerging geometries. The magnetic
charge has been argued to shrink the radius of S2 for an
emergent Reissner-Nordstrom black hole. On the other
hand, S2-radius has been shown to grow in an emer-
gent Schwarzschild black hole in presence of a magnetic
monopole.
The fact that both the emergent black holes (20)
in the frame-work may precisely be identified with
the Schwarzschild vacua of different masses M˜ →
M
√
1±Q2e/M4 in absence of a magnetic monopole is
remarkable. Firstly, it ensures Einstein’s gravity in 4D
from a generalized curvature underlying a geometric tor-
sion dynamics on a D4-brane. Secondly our analysis
based on a generalized curvature connects two differ-
ent vacuum solutions, i.e. Schwarzschild and Reissner-
Nordstrom black holes, in Einstein’s gravity. The geo-
metric transition or tunneling between the two vacua is
enforced by the quantum fluctuations in a two form U(1)
gauge theory on a D4-brane and needs further attention
in recent research.
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